INTRODUCTION
============

Graft-versus-host disease (GVHD) is a major complication following allogeneic stem cell transplantation (allo-SCT) and a substantial determinant of non-relapse morbidity and mortality. GVHD is a complex process involving dysregulated inflammatory cytokine cascades and distorted responses of donor cellular effectors to host alloantigens ([@b13-molce-38-11-966]). Allo-reactive donor T cells are important effector cells in the development of GVHD, and proinflammatory cytokines enhance the generation of donor anti-host cytotoxic function ([@b27-molce-38-11-966]). Concurrently, the graft-versus-leukemia (GVL) effect provided by an allograft represents a very potent form of immune therapy against malignancy ([@b1-molce-38-11-966]). Unfortunately, GVHD and GVL effect are tightly linked as demonstrated by the inverse correlation between leukemia relapse rates and the severity of GVHD ([@b14-molce-38-11-966]). Prevention of GVHD by T-cell depletion or nonspecific immune suppression is associated with increased risk for leukemia relapse after allo-SCT ([@b3-molce-38-11-966]).

Toll-like receptors (TLRs) recognize pathogen-associated molecular patterns that are present on microorganisms and also recognize endogenous ligands released from damaged tissue ([@b28-molce-38-11-966]). The interaction of the commensal microbiota with TLRs plays an important role in the innate immune response whose recognition can regulate the adaptive immune response through multiple mechanisms. All TLRs, except TLR3, can signal through an adaptor molecule known as myeloid differentiation primary response gene (88) (MyD88), which leads to molecular translocation of NF-κB, with consequent upregulation of proinflammatory cytokines and chemokines. The MyD88 signaling adaptor operates in many cell types downstream of TLRs and IL-1 receptor family members. However, cell-type-specific functions of MyD88 signaling remain poorly characterized. TLRs can trigger activation of several arms of the adaptive immune response, generating effectors including immunoglobulin, TH1, and TH17 CD4 effector T cells, and CD8 effector T cells. The MyD88 pathway is known to be important in generating TH1 responses ([@b22-molce-38-11-966]) and activation of MyD88 has also been shown to be required for colitogenic CD4 T cells in murine models of inflammatory bowel disease ([@b10-molce-38-11-966]; [@b26-molce-38-11-966]).

Emerging studies indicate that activating TLR-MyD88 signals within CD4^+^ or CD8^+^ T cells can enhance its antitumor activity. In CD4 T-helper cells, TLR1/2, TLR5, TLR7/8, and TLR9 engagement has been shown to enhance IL-2 production ([@b4-molce-38-11-966]; [@b5-molce-38-11-966]; [@b16-molce-38-11-966]). TLR2 or TLR9 ligation on CD4^+^ and CD8^+^ T cells also enhances survival by modulating the expression levels of antiapoptotic proteins, including A1, bcl2, and bcl-xl ([@b2-molce-38-11-966]; [@b8-molce-38-11-966]; [@b11-molce-38-11-966]; [@b32-molce-38-11-966]). TLR1/2 stimulation on CD8^+^ T cells has also been shown to enhance IFN-γ production and increase cytotoxicity *in vitro* ([@b2-molce-38-11-966]; [@b8-molce-38-11-966]). Amplifying TLR-MyD88 signals within tumor-specific T cells enhanced antitumor activity to suboptimal levels of weakly immunogenic tumor antigens ([@b12-molce-38-11-966]). Ligand-independent TLR signals generated by ectopic overexpression of MyD88 has been shown to provide local and systemic antitumor immunity ([@b12-molce-38-11-966]).

Although several studies have demonstrated important roles of MyD88 in T cells, little is known about their potential function in GVHD and/or GVL effect. Furthermore, how donor-type T-cell differentiation could be regulated by MyD88 in the setting of allo-SCT remains unclear. Herein, we demonstrate that the absence of MyD88 in donor T cell diminishes the GVL effect without attenuating the acute GVHD (aGVHD) severity following experimental allo-SCT. Alloreactive effector/memory T-cell differentiation was more greatly enhanced in the aGVHD hosts with MyD88-deficient T cells, but in the GVL setting, MyD88 deficiency in donor T cells contributed to regulatory T cell (Treg) and TH2 differentiation, but not to TH1 differentiation. Thus, our findings reveal a novel mechanism for dissociation between the aGVHD and GVL effect according to the innate adaptor MyD88 of donor T cell.

MATERIALS AND METHODS
=====================

Mice
----

Female C57BL/6 (B6, H-2^b^), B6.Ly-5a (CD45.1^+^), and B6D2F1 (F1, H-2^b/d^) mice (8- to 12-week old) were purchased from Japan SLC Inc. (Japan). MyD88 deficient (MyD88KO, H-2^b^) mice were generated by [@b15-molce-38-11-966] and had been back-crossed \>10 generations onto the C57BL/6J strain.

Experimental allo-SCT and tumor cell inoculation
------------------------------------------------

Mice underwent transplantation using a standard protocol described previously ([@b17-molce-38-11-966]; [@b19-molce-38-11-966]). Briefly, B6D2F1 (F1) recipients received T-cell depleted bone marrow (TCD BM) cells (5 × 10^6^) plus 1 × 10^6^ purified T cells from allogeneic C57BL/6 (B6) mice after total body irradiation (TBI) with 900, 1,100 or 1,300 cGy. B6.Ly-5a (CD45.1^+^) mice were used to identify donor T cells in various organs. The degree of systemic GVHD was assessed using a scoring system that incorporates five clinical parameters: weight loss, posture (hunching), activity, fur texture and skin integrity ([@b7-molce-38-11-966]). A subcutaneous (*s.c.*) injection of 1 × 10^6^ cells of P815 (H-2^d^) mastocytoma or L1210 cells into a flank of F1 mice on day 1 induced locally invasive, fast growing tumors. Tumor size measurements were made every 3 or 4 days after *s.c.* tumor inoculation by measuring largest orthogonal diameters with a caliper, and were recorded as tumor volumes (mm^3^). Some mice concurrently received 3 × 10^3^ cells of P815 intravenously (*i.v*.) and leukemic death was defined by death with occurrence of either macroscopic tumor nodules in liver or spleen or hind leg paralysis.

Histological analysis and immunohistochemistry
----------------------------------------------

Formalin-fixed, paraffin-embedded tissue sections were stained with H&E, and examined by a pathologist using a semiquantitative scoring system for abnormalities known to be associated with GVHD. The scoring system for each parameter that evaluated both the extent and severity of tissue damage denoted 0 as normal, 0.5 as focal and rare, 1 as focal and mild, 2 as diffuse and mild, 3 as diffuse and moderate, and 4 as diffuse and severe ([@b7-molce-38-11-966]). For TNF-α staining, sections were rehydrated, endogenous peroxidase was eliminated, incubated with TNF-α (Santa Cruz, USA) antibody followed by HRP conjugated secondary antibody and developed with DAB system.

Flow cytometric analysis
------------------------

Single-cell suspensions were stained in FACS buffer at 4°C for 30 min. Intracellular cytokine to detect Th subsets was measured as previously described ([@b18-molce-38-11-966]). Samples were analyzed using an LSRII (BD Pharmingen; USA). The following antibodies against mouse antigens were purchased from BD Pharmingen (USA): FITC-conjugated anti-H-2d, anti-IL-17A, and anti-IL-4; and PE-conjugated anti-CD8; and PerCP-Cy5.5-conjugated anti-CD62L and anti-CD8; and APC-conjugated anti-CD44, anti-IFNγ, anti-Foxp3, Annexin V; and APC-Cy7-conjugated anti-CD4. Alexa Fluor 700-conjugated anti-CD45.1 was purchased from ebioscience (USA).

*In vivo* proliferation of donor T cells
----------------------------------------

Purified donor T cells were labeled with 2μM carboxyfluorescein diacetate succinimidyl ester (CFSE; Molecular Probes, Inc.) for 10min at 37°C. These CFSE labeled cells were then resuspended and infused into recipient mice. Splenocytes from recipient mice were harvested 4 days after transplantation, stained with APC-Cy7-conjugated anti-CD4 and PerCPCy5.5-congugated anti-CD8, washed with 1× PBS and assessed for FACS analysis.

Cytometric bead analysis
------------------------

The concentrations of six cytokines (IFN-γ, IL-6, TNF-α, MCP-1, RANTES and IL-17A and IL-10) in recipient sera or culture supernatants were determined using a commercially available kit (BD Pharmingen). All tests were performed according to the manufacturer's instructions.

ELISA
-----

The concentrations of granzyme B in culture supernatants were determined using a kit (R&D Systems, USA) according to the manufacturer's protocol.

RT-PCR
------

To detect *T-bet, GATA3, Foxp3,* and *RORγT* mRNA expression, real-time quantitative PCR (qPCR) was performed using a SYBR Green Master Mix and run in a CFX96 real-time thermal cycler (Bio-Rad, USA). The following primers were used: murine *T-bet* primers: forward, 5′-CCCACAAGCCATTACAGGATG-3′, and reverse, 5′-TATAAGCGGTTCCCTGGCATG-3′; murine *GATA3* primers: forward, 5′-AGGAGTCTCCAAGTGTGCGAA-3′, and reverse, 5′- TTGGAATGCAGACACCACCT-3′; and murine *Foxp3* primers: forward, 5′-ACAACCTGAGCCTGCACAAGTT-3′, and reverse, 5′-GCCCACCTTTTCTTGGTTTTG-3′; and murine *RORγT* primers: forward, 5′-TGGAAGATGTGGACTTCGTTT-3′, and reverse, 5′- TGGTTCCCCAAGTTCAGGAT-3′; and murine *GAPDH* primers: forward, 5′-GGTGTGAACGGATTGCCGTATT-3′, and reverse, 5′-GGCCTTGACTGTGCCGTTAATTT-3′.

Cytotoxicity assays
-------------------

Standard allogeneic mixed lymphocyte reaction (MLR) was performed using naïve C57BL/6 splenic CD3^+^ T cells (2 × 10^5^) as responders and irradiated naïve BDF1 T-cell depleted mononuclear cells (2 × 10^5^) as stimulators. After 4 days, CD8^+^ effector cells were purified and cultured with target P815 or EL4 cells for 4 h. Cytotoxicity assay was conducted using non-radioactive lactate dehydrogenase release using a cytotoxicity detection kit (CytoTox 96, Promega, USA) according to the manufacturer's instructions. Spontaneous release and maximum release were determined by incubating target cells without effector cells in medium alone or in 0.5% NP40, respectively. The percent cytotoxicity was calculated as follows: (experimental release − spontaneous release) / (maximum release − spontaneous release) × 100%.

Statistical procedures
----------------------

All values are expressed as means ± standard errors (SEMs). Comparisons between groups were performed using the parametric independent samples *t*-test if the groups contained more than five animals, or using the Mann-Whitney test otherwise. The Wilcoxon rank-sum test was used to analyze survival data.

RESULTS
=======

Deficiency of MyD88 in donor T cells mitigates GVL effect
---------------------------------------------------------

To examine the contribution of the presence of MyD88 signaling in donor T cells in regulating GVL effect and aGVHD development, we used a B6 (H-2^b^) → F1 (H-2^b/d^) experimental allo-SCT model, which differs at major and minor histocompatibility loci. Lethally irradiated recipient mice were transplanted with wild-type (WT) TCD-BM (5 × 10^6^) together with either WT or MyD88KO mice spleen T cells (1 × 10^6^) on day 0. Thereafter, host-type (H-2^d^) P815 mastocytoma or L1210 leukemia cells (1 × 10^6^) were injected subcutaneously on day 1, meaning that only the transferred donor T cells lack the MyD88-dependent pathway within the recipient mice. As shown in [Fig. 1A](#f1-molce-38-11-966){ref-type="fig"}, subcutaneous tumors in the allogeneic recipients receiving MyD88KO T cells exhibited markedly increased growth *in vivo* compared to those receiving WT T cells (tumor volume on day 42, 15205.6 vs. 373.9 mm^3^, P \< .001, P815 and 8311.5 vs. 3200.7 mm^3^, P \< .01, L1210, respectively). Next, P815 cells were injected intravenously (3 × 10^3^). At 70 days post-allo-SCT, as shown in [Fig. 1B](#f1-molce-38-11-966){ref-type="fig"}, 50 % of allogeneic recipients of WT T cells died due to severe aGVHD, as necropsy showed no evidence of tumor. In contrast, 83.5% of those of MyD88 KO T cells died with clinical and microscopic evidence of tumors (P \< .05). Consistently, the weights of the spleen and liver were significantly increased in the latter as compared with the former. We further evaluated the GVL effect mediated by increasing intensity (1,300 vs. 900 cGy) of TBI conditioning ([@b17-molce-38-11-966]) according to the presence of MyD88 signaling. Enhanced GVL effect in the allogeneic recipients receiving 1300 cGy TBI was abolished in the recipients of MyD88KO T cells, suggesting that the absence of MyD88 in donor T cells led to a lack of aGVHD-induced GVL effect caused by a higher TBI dose ([Fig. 1C](#f1-molce-38-11-966){ref-type="fig"}).

*In vitro*, the absence of MyD88 in T cells resulted in defective T cell functions, such as cytolytic activity to tumor and the ability to secrete pro-inflammatory cytokines to host antigens. We examined the effects of MyD88 signaling in donor T cells on cytolytic activity to host antigens. Splenocytes harvested from MyD88 KO mice showed significantly reduced cytolytic activity against host type P815 targets compared to those from WT mice ([Fig. 1D](#f1-molce-38-11-966){ref-type="fig"}). In addition, MyD88KO or WT B6 T cells were activated by anti-CD3/anti-CD28 antibodies and allogeneic mixed leukocyte reaction using F1 stimulator cells. T cells from MyD88 KO mice showed a significant reduction in the production of proinflammatory cytokines and effector molecules including IFN-γ, IL-6, granzyme B, and IL-17A with significant augmentation in IL-10 as compared with WT T cells ([Fig. 1E](#f1-molce-38-11-966){ref-type="fig"}). Taken together, our data demonstrate a critical role of MyD88 signaling in donor T cells for the maintenance of the GVL effect in the allo-SCT setting.

Absence of MyD88 signal in donor T cells does not attenuate the GVHD severity
-----------------------------------------------------------------------------

After allo-SCT, GVL effect is associated with GVHD severity as demonstrated by the inverse correlation between leukemia relapse rates and the severity of GVHD ([@b14-molce-38-11-966]). In this study, however, clinical aGVHD scores and GVHD survival were comparable between the allogeneic recipients of WT T cells and MyD88KO T cells with TCD-BM ([Fig. 2A](#f2-molce-38-11-966){ref-type="fig"}). Furthermore, we observed that the severity of aGVHD assessed by histological grade was not significantly different in liver, lung, thymus, small intestine, and colon of recipients that received MyD88KO donor T cells compared with those that received WT donor T cells ([Fig. 2B](#f2-molce-38-11-966){ref-type="fig"}). To directly evaluate the target tissue injury, we examined the expressions of TNF-α, the primary cytokine associated with aGVHD-induced damage in each organ, and observed similar expression between the two groups ([Fig. 2C](#f2-molce-38-11-966){ref-type="fig"}). In aggregate, our data demonstrate the differential effect of MyD88 deficiency in donor T cells on GVL activity and GVHD severity in the allo-SCT setting.

Absence of MyD88 in donor T cells leads to an increase of donor CD4^+^ and CD8^+^ T effector/memory cells in lymphoid organs of GVHD hosts
------------------------------------------------------------------------------------------------------------------------------------------

To elucidate host-specific responses in donor T cells in accordance with MyD88 signaling, the *in vivo* proliferation of donor T cells in the spleen of the two different GVHD hosts via CFSE staining of T cells was examined on day 4 post-allo-SCT. The proportion of low CFSE incorporation by CD4^+^ and CD8^+^ T cells was not significantly different between the two groups ([Fig. 3A](#f3-molce-38-11-966){ref-type="fig"}).

Next, we determined donor T-cell activation after allo-SCT according to the presence of MyD88 signaling. To more clearly compare the extent of tissue infiltration by donor T cells between the two groups of GVHD hosts, lethally irradiated F1 (H-2^b/d^) mice were transplanted with TCD-BM cells isolated from congenic B6.Ly-5a B6 (H-2^b+^CD45.1^+^) mice and T cells from B6 (H-2^b+^CD45.1^−^) mice. In the peripheral blood of allogeneic recipients from day 7 to day 28 after allo-SCT, the proportions of donor T-cell derived CD4^+^ and CD8^+^ T cells and their effector/memory phenotype were comparable between the two groups ([Fig. 3B](#f3-molce-38-11-966){ref-type="fig"}). To investigate the contribution of MyD88 deficiency in the donor T-cell component to the development of the T effector cell subsets in the allogeneic recipients, we examined the proportion of CD4^+^ and CD8^+^ T cells within the spleen and peripheral lymph nodes (PLN), wherein donor T cells are activated by host antigen presenting cells to elucidate host-specific responses in donor T cells at day 28 after allo-SCT. As shown in [Fig. 3C](#f3-molce-38-11-966){ref-type="fig"}, on day 28 absolute cell number within the spleen and PLN was increased in recipient mice receiving B6.MyD88KO T cells as compared with mice receiving B6.WT T cells. In preliminary experiments using B6.Ly-5a mice as donors, we determined by FACS analysis that all (\> 99%) CD4^+^ and CD8^+^ cells were of donor origin by days 28 in both the spleen and skin tissues (data not shown). The frequencies of H-2^d−^CD45.1^−^ T cells in spleen and CD4^+^H-2^d−^CD45.1^−^ T cells in PLN that originated from the donor T-cell component were lower in the recipients of MyD88KO T cells than in those of WT T cells. However, the absolute numbers of the donor H-2^d−^CD45.1^−^ T cells were significantly higher in each organ of the former than in the latter because the total cellularity levels were higher in the former. Similar phenomena were observed in the effector/memory cell components (CD44^high^CD62L^low^) of the donor H-2^d−^CD45.1^−^ T cells. These data indicate that the transferred donor T cells could more actively differentiate into effector-memory T cells even in the absence of the MyD88-dependent pathway within donor T cells.

We also evaluated the potential mechanisms for inflammation-mediated suppression of GVL effect with preservation of aGVHD severity mediated by donor T cells. Previous studies in murine allo-SCT models have demonstrated the important role for IFN-γ and TNF-α in the development of both GVHD and the GVL effect ([@b21-molce-38-11-966]; [@b31-molce-38-11-966]). To ask whether the diminished GVL effect with preservation of aGVHD severity after transplantation with donor T cells of MyD88KO donor was due to skewed production of inflammatory cytokines, we measured the levels of these cytokines in recipient sera on days 7 and 28 after transplantation. We found a significant decrease in serum concentrations of IFN-γ, IL-6, TNF-α and IL-17A on day 7 in the recipients of MyD88KO T cells compared with those of WT T cells. In contrast, circulating levels of TNF-α, MCP-1 and RANTES on day 28 were significantly increased in the former compared with the latter ([Fig. 3D](#f3-molce-38-11-966){ref-type="fig"}). Altogether, these data indicated that MyD88KO T cells transplanted into allogeneic recipients retained their capacity to proliferate against allogeneic stimuli and equally contributed to the occurrence of aGVHD compared with WT T cells, while not mediating the GVL effect with skewed cytokine productions after allo-SCT.

Absence of MyD88 in donor T cells leads to an expansion of Treg and TH2 cells with a decrease of TH1 cells in lymphoid organs
-----------------------------------------------------------------------------------------------------------------------------

We next addressed whether the absence of MyD88 in donor T cells affected the generation of TH1, TH2, Treg and TH17 cells *in vivo* after allo-SCT. As shown in [Fig. 4A](#f4-molce-38-11-966){ref-type="fig"}, we observed a decrease in the capacity of CD8^+^ T cells isolated from the spleen to secrete IFN-γ 7 days after transplantation in MyD88KO T-cell recipients as compared with WT T-cell recipients, while the frequencies of CD4^+^ and CD8^+^ T cells producing IL-4 and Foxp3 from spleen were significantly increased. On day 28, however, the expressions of IL-4 and Foxp3 in both splenic T cell subsets were significantly decreased in the former as compared with the latter. We also analyzed the secretion of IFN-γ, IL-4 and Foxp3 by CD4^+^ and CD8^+^ T cells isolated from tumor-draining lymph nodes (TDLN). Similarly, the capacity of those cells to secrete IFN-γ 7 days after transplantation was significantly diminished in MyD88KO T-cell recipients as compared with WT T-cell recipients, while the frequencies of CD4^+^ and CD8^+^ T cells expressing IL-4 and Foxp3 were significantly increased ([Fig. 4B](#f4-molce-38-11-966){ref-type="fig"}). CD4^+^Foxp3^+^ cells were also decreased in the former as compared with the latter on day 28. Regarding TH17 cells, we could not observe any differences in the proportion of IL-17 secreting T cells at day 7 in spleen and TDLN from MyD88KO T-cell recipients as compared with WT T-cell recipients.

As MyD88 deficiency in donor T cells resulted in reduced GVL effect, we further analyzed whether inhibition of the GVL effect involved a Treg-dependent mechanism. On day 7 after allo-SCT, we also found a significant increase in the expression of *Foxp3* among mononuclear cells from the spleen and TDLN ([Fig. 4C](#f4-molce-38-11-966){ref-type="fig"}), suggesting that the increase in Treg cells, in particular, could contribute to the regulation of the alloreactive response against GVL effect. Accordingly, on day 28 *Foxp3* expression in TDLN remained elevated on day 28.

DISCUSSION
==========

Thus far, the role of MyD88 within T cells has not been extensively addressed in the context of the aGVHD and GVL effect after allo-SCT. Our data show that MyD88 in the donor T cells contributes to the maintenance of GVL effect regardless of the severity of aGVHD. Donor T cell expansion with effector/memory T-cell differentiation were more greatly enhanced in GVHD hosts of MyD88KO T cells. Recipients of MyD88KO T cells had a markedly increased expansion of Foxp3- and IL4-expressing T cells with reduced INF-γ producing T cells in the spleen and TDLN early after transplantation compared with recipients of WT T cells. *In vitro*, absence of MyD88 in T cells results in defective cytolytic activity to tumor targets with less ability to produce IFN-γ or granzyme B that are known as critical for GVL effect. MyD88 signaling by donor T cell may be required for proper GVL effect but not for development of aGVHD and these results provide a link between an innate defect and the anti-leukemic effect of donor T cells in the setting of allo-SCT.

Given the limitations of existing immunosuppressive therapies, a better understanding of the molecular mechanisms that govern GVHD versus GVL effect are urgently needed. Currently, in the pathogenesis of aGVHD, a widely accepted model postulates that intensive chemotherapy and/or TBI during pre-transplant conditioning results in tissue damage and a loss of epithelial barrier function ([@b13-molce-38-11-966]). Subsequent translocation of bacterial components as well as release of endogenous danger molecules stimulate pattern-recognition receptors of host antigen-presenting cells to trigger the production of pro-inflammatory cytokines (cytokine storm) that modulate T cell allo-reactivity against host tissues, but eventually also the beneficial GVL effect. After allo-SCT donor T cells undergo an initial phase of expansion and differentiation into functional effectors. Thus, developing a better understanding of the signals that regulate the generation, maintenance, and reactivation of donor-derived memory T cells is central to successful allo-SCT. During the development of aGVHD, activated effector T cells exit lymphoid tissues and traffic to parenchymal target organs, such as, intestine, liver, skin, and lungs where they cause tissue damage ([@b29-molce-38-11-966]). In this study, the absence of the MyD88 in donor T cells has been found to increase expansion of alloreactive effector/memory T cells in spleen and PLN, contributing to an integral role in GVHD and GVL effect. A similar degree of tissue destruction in aGVHD target organs, however, was observed in both groups, suggesting that the expanded allo-reactive T cells, even if absent MyD88, persist as a stable memory population that differs both phenotypically and functionally from the naive T-cell population and some portion of these memory T cells could differentiate into cytotoxic T cells with long-lasting allo-reactivity, contributing to the perpetuation of damage of the GVHD organs.

GVL effect depends on the presence of tumor antigen-primed CD8^+^ or CD4^+^ effector T cells, the ability of such T cells to traffic to sites of leukemic growth, the persistence of cells in sufficient concentrations at tumor sites, and the capacity of T cells to maintain cytotoxic effector functions in the face of local immunosuppressive mechanisms ([@b9-molce-38-11-966]). We have previously showed that a higher TBI dose (1300 vs. 900 cGy) resulted in a significant reinforcement of the GVL effect, and mechanistically, this is likely to be caused by alterations in effector T cell trafficking into the tumor tissue ([@b17-molce-38-11-966]). In the present study, increased aGVHD severity by intensifying conditioning, however, did not translate into enhanced GVL effect when MyD88 is deficient in donor T cells, suggesting that the GVHD-induced GVL effects were not observed in the allogeneic recipients of MyD88KO T cells and maintaining MyD88-expressing effector T cells within the tumor microenvironment are viewed favorably in terms of reducing leukemia relapse after allo-SCT.

We also observed a significant increase of CD4^+^ or CD8^+^Foxp3^+^ Treg cells as well as *Foxp3* expression in the spleen and TDLN within the recipients administered with MyD88KO T cells although the mechanism through which MyD88 deficiency results in Treg expansion is not clear. The protective effect of Treg on aGVHD has already been demonstrated in several models ([@b23-molce-38-11-966]; [@b24-molce-38-11-966]). In the recipients of MyD88KO T cells enhancing Tregs and TH2 cells and decreasing TH1 cells in spleen and TDLN early after transplantation but decreasing Tregs and TH2 after the lapse of time may be associated with reducing GVL effect rather than the GVHD-associated tissue damage. We assume that the kinetics of pro-inflammatory cytokine production would be in line with the dissociation between GVHD and GVL effect ([Fig. 3D](#f3-molce-38-11-966){ref-type="fig"}). The contribution of TH17 cells in aGVHD is somewhat controversial. In our study, we did not detect any differences in IL-17A production by T cells 1 week after allo-SCT but serum levels of IL-17A were significantly reduced in the recipients of MyD88KO T cells. Interestingly, production of IL-17A from MyD88 KO T cells was markedly reduced in T cells from MyD88KO compared to those from WT mice ([@b6-molce-38-11-966]).

In this donor/recipient strain combination (B6 → B6D2F1), GVHD mortality is critically dependent on donor CD4^+^ T cells, while CD8^+^ T cells that mediate cytotoxicity are more potent effectors of GVL effect ([@b20-molce-38-11-966]; [@b25-molce-38-11-966]; [@b30-molce-38-11-966]). Taking into account the comparable severity of aGVHD, the host-specific responses in MyD88KO donor CD4^+^ T cells might be preserved. *In vitro*, however, the absence of MyD88 results in defective cytolytic activity in CD8^+^ T cells to tumor and a reduced ability to secrete pro-inflammatory cytokines to host antigens. Subsequently, functional dissociation of the two T-cell subsets according to MyD88 deficiency in T cells might be a cause of maintaining GVHD severity with reduced GVL effect.

In summary, these data demonstrate that the MyD88 of donor T cells is critical for preservation of GVL activity regardless of the occurrence of aGVHD in this allo-SCT model, offering the opportunity for improving GVL activity by targeting TLR-MyD88 signaling within donor T cells. The dissociation of GVL effect from GVHD may ultimately allow us to design new effective therapeutic modality against hematologic malignancies, which can harness the beneficial GVL effect and reduce the toxicity of GVHD.

This study was supported by the Korea Healthcare Technology R&D Project, Ministry of Health, Welfare, and Family Affairs, Republic of Korea (Grant no. A120262).

![Deficiency of MyD88 in donor T cells mitigates GVL effect. Lethally irradiated recipient mice were transplanted with WT TCD-BM (5 × 10^6^) together with either WT or MyD88KO mice spleen T cells (1 × 10^6^) on day 0. (A) Recipient mice were injected s.c with 1 × 10^6^ P815 cells (left) or L1210 cells (right) on day 1 post-transplantation. Tumor growth was monitored every 3 or 4 days after s.c tumor inoculation. Tumor measurement was finally determined on day 42. Mice were sacrificed and tumor weights were measured (^\*\*\*^P \< 0.001). Data are presented as mean ± SEMs and are representative of duplicate experiment (n = 12 per groups). (B) Lethally irradiated recipient mice were transplanted with WT TCD-BM (5 × 10^6^) together with either WT or MyD88KO mice spleen T cells (1 × 10^6^) on day 0. Thereafter recipient mice were injected i.v with 3 × 10^3^ P815 tumor cells on day 1. Kaplan-Meier survival curve of the transplanted mice (top, n = 10 per group). Percent survival after transplantation, WT T cells vs. MyD88KO T cells by the wilcoxon rank-sum test (^\*^P \< 0.05). Mice were sacrificed and spleen and liver weights were measured on day 48 (bottom, n = 5 per group; ^\*\*^P \< 0.01 or ^\*\*\*^P \< 0.001). Arrows indicate the aggregation of leukemic cells. Data are presented as means ± SEMs and representative of duplicate experiment (n = 10 per groups). (C) Recipient mice were irradiated with 900 (○ and ●, n = 6) or 1300 cGy (◇ and ◆, n = 6) TBI and injected with 5 × 10^6^ TCD BM together with either WT or MyD88KO mice spleen T cells (1 × 10^6^) on day 0. All animals were also injected *s.c.* with 1 × 10^6^ P815 tumor cells on day 1 and tumor growth was monitored (^\*\*\*^P \< 0.001). Data from one of two replicate experiments that yielded similar results are shown. Data are presented as means ± SEMs. (D, F) B6 WT or MyD88KO CD3^+^ T cells were co-cultured with F1 stimulators in a primary mixed lymphocyte reaction (MLR). (D) After 4 days of MLR, purified CD8^+^ cells were assessed for cytotoxicity against P815 (H-2^d^, □ and ■, n = 4) or EL4 (H-2^b^, ○ and ●, n = 4) target cells. (F) Culture supernatants from MLR were collected and assayed for IFN-γ, IL-6, granzyme B, IL-17, IL-10 and TNF-α production. Data shown (D, F) are representative of two independent experiments. Data are presented as means ± SEMs. ^\*^P \< 0.05, ^\*\*^P \< 0.01 or ^\*\*\*^P \< 0.001.](molce-38-11-966f1){#f1-molce-38-11-966}

![Deficiency of MyD88 in donor T cells does not attenuate GVHD severity. Lethally irradiated recipient mice were transplanted with WT TCD-BM (5 × 10^6^) together with either WT or MyD88KO mice spleen T cells (1 × 10^6^) on day 0. Animals were assessed weekly with respect to the clinical severity of aGVHD. (A) Corresponding GVHD scores (left) and Kaplan-Meier survival curve (right) of the transplanted mice. Data are presented as mean ± SEMs and are representative of duplicate experiment (n = 10 per groups). (B) Representative histopathologic examination of H&E stained sections of paraffin-embedded liver, lung, thymus, small intestine and colon. Pathology scores are presented as means ± SEMs. (C) Representative expressions of TNF-α in each organ are shown.](molce-38-11-966f2){#f2-molce-38-11-966}

![Absence of MyD88 in donor T cells leads to an increase of donor CD4 and CD8 T effector/memory cells in lymphoid organs of GVHD hosts. (A) Lethally irradiated recipient mice were given 5 × 10^6^ WT TCD-BM cells (CD45.1^+^) plus 1 × 10^6^ purified WT or MyD88KO mice spleen T cells and *in vivo* proliferation was determined on day 4. Recipient mice received CFSE-labeled WT or MyD88KO T cells, as described in "Materials and Methods" (n = 5 per groups; ^\*^P \< 0.05 or ^\*\*^P \< 0.01). Data from one of two independent experiments are shown. Data are presented as means ± SEMs. (B--D) Lethally irradiated recipient mice were given 5 × 10^6^ WT TCD-BM cells (CD45.1^+^) plus 1 × 10^6^ purified WT or MyD88KO mice spleen T cells (CD45.1^−^). (B) Representative FACS analysis of donor T-cell derived (CD45.1^−^H-2d^−^) CD4^+^ and CD8^+^ and their effector/memory T cells (CD45.1^−^H-2d^−^CD4^+^CD62 L^low^CD44^hi^ or CD45. ^−^H-2d^−^ CD8^+^ CD62L^low^CD44^hi^) were examined on blood cells (n = 6, each group). Data are presented as means ± SEMs representative of duplicate experiments. (C) The expansion of donor T-cell derived CD4^+^ and CD8^+^ T cells and their effector/memory T cells in the spleen and peripheral lymph node (PLN) were assessed on day 28 post-transplantation (n = 6, each group). Data are presented as means ± SEMs and are representative of duplicate experiments. (D) Serum samples from recipient mice (n = 6, each group) that underwent transplantation were obtained on days 7 and 28 post-transplantation. Serum IFN-γ, IL-6, TNF-α, MCP-1, RANTES and IL-17A levels were determined by Cytometric bead analysis. Data from one of two independent experiments are shown. Data are presented as means ± SEMs. Statistics: ^\*^P \< 0.05, ^\*\*^P \< 0.01 or ^\*\*\*^P \< 0.001.](molce-38-11-966f3){#f3-molce-38-11-966}

![Absence of MyD88 in donor T cells leads to an expansion of Treg and TH2 cells with reduced TH1 cells in lymphoid organs. Lethally irradiated recipient mice were transplanted with WT TCD-BM (5 × 10^6^) together with either WT or MyD88KO mice spleen T cells (1 × 10^6^) on day 0. All animals (n = 6, each group) were also injected *s.c.* with 1 × 10^6^ P815 tumor cells on day 1. Spleens (A) and tumor-draining lymph node (TDLN) (B) were harvested from the recipient mice on days 7 and 28 post-transplantation. Expressions of IFN-γ, IL-4, Foxp3 and IL-17 on the CD4^+^ and CD8^+^ T cells were assayed by FACS. (C) Expression of *T-bet*, *GATA3*, *Foxp3* and *RORγT* were measured in the mononuclear cells of spleen and TDLN using quantitative RT-PCR. Data are presented as means ± SEMs and are representative of duplicate experiments (^\*^P \< 0.05, ^\*\*^P \< 0.01 or ^\*\*\*^P \< 0.001).](molce-38-11-966f4){#f4-molce-38-11-966}
